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3.6 APS Injector Synchrotron Technical Facilities Description

ring injection. These beam intercepting monitorsare similar to those found around
the rest of the facility.

Table 3.10 HET Line Beam Diagnostics Systems

Quantity Component

1 Current monitor
8H x 7V Beam position monitors: Single plane, stripline type
7 Fluorescent screen monitors for extraction/injection tune up

4 Independent jaw scrapers: 2 x vertical top and bottom

3.6.3.3

HET Vacuum System

The HET line vacuum chamber is made up primarily of 5.1-cm (2-in) O.D. 316L stain-
lesssteel pipeidentical tothat used inthe PTB line. Within magnets, vacuum chambers
of slightly smaller apertures are used. In the quadrupol es this consists of 4.9-cm (1-15/
16-in) O.D. SSpipe, and in the dipoles atube with 3.3-cm (1-5/16-in) vertical and 5.1-
cm (2-in) horizontal clearance is used.

To pump down from atmospheric pressure, portabl e oil-free mechanica pumpsareused
to evacuatethe vacuum system down to ~6.7 kPa(~50 Torr) after which sorption pumps
reduce the pressure to the turbomol ecular pump starting pressure. Mobile turbomol ec-
ular pumps are then used to reduce the pressure to the ion pump starting pressure. lon
pumps are used as the primary pumping source to maintain an average pressure of
1.33 pPa (10 nTorr). Theion pumps require 6 kV for operation and are equipped with
heaters for bake-out.

Since ion pumps are approximately uniformly distributed along the line, monitoring
their currents provides adequate pressure measurement. As a supplemental measure-
ment of the vacuum quality, ionization gauges are al so distributed uniformly along the
line. Pneumatically actuated isolation gate valves are installed at each end in order to
facilitate repair and maintenance without contamination of the synchrotron or storage
ring vacuum. Small isolation valves within each section permit the mounting of gas
analyzers or other monitoring equipment.
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3.6.4 Synchrotron Operating Envelope
The operating envelope for the synchrotron is 154 W at an energy of 7.7 GeV. This
allows operations above the design performance goal of 84 W at 7 GeV without addi-
tional internal review, and is afactor of two below the safety envelope.

3.7 APS Storage Ring Technical Facilities Description

3.7.1 General Overview

The APS storage ring (SR) accelerator technical components can be broken down into
eight major subsystems: magnets, power supplies, vacuum, radio frequency systems
(rf), diagnostics, controls, insertion devices, and front ends. The accelerator itself is
constructed from 40 sectors, each including five girders upon which magnets and vac-
uum chambers are supported, and terminated by long straight sections (approx. 5
meters). Thirty-five of these straight sectionsare configured for undulators or wigglers
(insertion devices), which produce the high brightness x-ray beams. Additionally, 35
of the 80 dipole magnets are configured for extraction of synchrotron radiation. The
ring circumference is 1104 meters.

Four rf stations are located along the ring circumference, each of which is composed
of four rf cavitieslocated in the long straight sections. Diagnostics are located period-
ically, most notably at 360 beam position monitor stations (nine per sector) mounted
on the vacuum chambers. An additional straight section isreserved for injection hard-
ware including pulsed magnets and special vacuum chambers. Inside the accelerator,
but radially outboard of the accelerator proper are the x-ray front ends. These provide
aperturing and shuttering of the high intensity x-rays and bremsstrahlung prior to their
exit out onto the experiment hall floor.

Theaccelerator islocated withinaconcrete shiel ded enclosure. Power supplies, vacuum
diagnostics, beam diagnostics el ectronics, controlshardware, insertion deviceand front
end controls, in addition to other instrumentation, are positioned outside, on top of the
tunnel in electronics racks. Electrical connections to the accelerator are facilitated by
S-shaped conduit penetrations through the enclosure roof, which prevent line of sight
to the accelerator. The rf high power systems located in the rf/extraction building are
connected to the cavitiesinside the tunnel with waveguides through specially shielded
straight vertical penetrationsin the tunnel roof. Shown in Figure 3.20 is the sector
layout of typical storage ring in-tunnel components, including the girder/magnet/vac-
uum chamber assemblies and front-end components. Although no insertion devices
are shown, the source points for both insertion device and bending magnet radiation
areindicated. Alsoshownisthe configuration of thetunnel shield wall and experiment
hall floor outside of the tunnel. Parameters of interest for the storagering are givenin
Table 3.11.
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Figure 3.20 Sector Layout of Storage Ring In-Tunnel Components
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Table 3.11 Nomina Storage Ring Accelerator Operating Parameters

Nominal Energy 7.0 GeV
Operating Current 100 mA
Filling Time (to 100 mA) <2 min
Max. Bunch Current 8 mA
Ring Circumference 1104 m
Revolution Period 3.683 us
Bending Radius 38.96 m
Mean Radius 175.1 m
Number of Sectors 40

Effective Emittance 31 nm-rad

Beam Size at Insertion

Straight Symmetry Point
Horizontal 275 Hm rms
Vertical (10% coupling) 12 pumrms
Natural Bunch Length 53 mm rms
Average Ring Vacuum <1 nTorr
(@100 mA)
Beam Lifetime 24 hours
Momentum Compaction 277 x 1074
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3.7.2

3.7.21

3.7.2.2

The source of electronsisthe APS injector system, namely the linac, particle accumu-
lator ring (PAR), low energy transport lines, injector synchrotron, and high energy
transport line. These systems supply a design performance goal of 6 nC of 7-GeV
electrons in a sub-nanosecond pulse at arepetition rate of 2 Hz to the storage ring.
These pulses are injected into various storage ring rf buckets, forming different bunch
patterns around the circumference. During normal operations, as much as 18.5 nC of
chargeis stored in asingle bunch, with approximately 20 bunchesfilled, for atotal of
370 nC, equivalent to 100 mA of stored beam current. This beam charge is stored with
abeam lifetimetypically designed to exceed 10 hours, and is periodically replenished
from the injector.

Storage Ring Components

Storage Ring DC M agnets and Power Supplies

Each of the 40 sectors of the storage ring contains ten quadrupol e magnets, seven
sextupole magnets, two dipole magnets, and up to eight combined function horizontal/
vertical correction dipole magnets. All magnets except for the dipoles are powered
individually by DC-to-DC converters (“choppers’), which in turn are powered by two
raw DC power supplies per sector. The dipole magnet main windings are all powered
in series by a single power supply. Each dipole also has atrim winding with its own
chopper supply. The coilsfor al of the above magnets are water cooled, with thermal
sensorsinterlocked to the appropriate power supply. Oneother dipole magnetislocated
in the dipole power supply room and is powered in serieswith al of the ring dipoles.
Thismagnet hasafield probeinstalled and isused to calibrate thering energy. Twenty
small skew quadrupole magnets with chopper supplies are distributed around the ring
for correction of beam vertical/horizontal coupling. Thesesmall magnetsdo not require
water cooling. ShowninTable3.12 aretypical parametersfor storagering DC magnets
and power supplies.

Storage Ring Pulsed M agnets and Power Supplies

Injection into the storage ring requires the use of atotal of six pulsed magnets: two
septum magnets (thick and thin) and four bumpers. Each septum magnet is designed
to momentarily subject the beam extracted from the synchrotron to avertical magnetic
field while leaving the nearby stored beam unaffected. At the point of injection, the
two beams are separated by athin metal partition (the thin septum) carrying alarge
pulsed current, which producesalargemagneticfield ononeside only. Thethinseptum
carries apeak current of 3854 A with a pulse width of 333 ms and a voltage of 2 kV,
whilethethick septumvaluesare 720 A, 10 ms, and 1.4 kV, respectively. Theinjection
thin and thick septa are very similar in design to those used for injector synchrotron
extraction.
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Table 3.12 Storage Ring Magnet and Power Supply Parameters
for 7.0-GeV Operation

Typical Max.
Typical Stored Total Voltage  Max.

Number Number Magnet Typical Energy/ Stored Drop/ Total
M agnet of Power of Currentl Magnet Magnet Energy Magnet Power
Circuit Supplies Magnets (Amps) Strength (kJ) (kJ) V) (kW)
Main 1 80+1 454 0599 T 53 426 20.5 826
Dipole
Dipole 80 80 +54 14.0 60
Trim
05m 240 240 392 189 T/m 13 158 15.0 1661
Quadrupoles
0.6m 80 80 370 18.2T/m 14 110 18.0 646
Quadrupoles
0.8m 80 80 307 149 T/m 13 102 22.0 812
Quadrupoles
Sextupoles 280 280 147 386.2T/m 0.3 52 25.0 1400
H/V Corr. 318 (H) 318 +140 +£0.146T 20.0 890
Dipoles 318 (V) +136 +£0.168T 35.0 1526
Skew 20 20 +7.7 3.0T/m 24 3.8
Quadrupoles

During the injection process, the beam already circulating in the storage ring must be
quickly moved near the thin septum for a single turn to minimize the amplitude of the
injected beam betatron oscillation. The oscillation amplitude is proportional to the
distance between the stored and injected beams at the point of injection. To accomplish
this beam motion, four specially designed fast bumper magnets are used. They are
much faster than the septa, with a pulse width of 5 ms. Although the bumpers may
require currents as large as 4000 A and have voltages ashigh as 15 kV, they have less
stored energy than the septa due to their required speed. All of the pulsed magnets
operate at the same repetition rate as the injector, namely 2 Hz nominal.
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3.7.2.3

Storage Ring rf Systems

For stored beam operation in the storage ring, decreases in beam energy resulting from
the emission of synchrotron radiation are compensated by rf cavity fields. A total of
four setsof four cavitiesareinstalledintheringin Sectors 36, 37, 38, and 40. Associated
with the four sets of cavities are four klystron/modulator high power systems capable
of generating 1 MW of rf power. These systemsarelocated in Building 420 (rf/extrac-
tion) together with theinjector synchrotron klystron and modulator system. Thetrans-
mission of rf power from the klystrons to the cavities is accomplished using rf
waveguideswhich penetratethe storagering tunnel roof, with onewaveguide per cavity.
Parameters of the storagering rf system aregiven in Table 3.13, and Figure 3.21 shows
the layout of the rf power system and waveguides.

Three motorized waveguide switches and a group of motorized phase shifters are pro-
vided to alow flexible application of rf power from the klystron systemsto the storage
ring cavities. The four groups of cavities are organized into two groups of eight and
one or the other of two klystrons can be connected to these 8-cavity groups. Addition-
ally, the two associated klystron systems can be combined to allow them to jointly
power an 8-cavity group.

Two of the waveguide switches allow one of the storage ring klystron systemsto be
used in place of the synchrotron klystron system to power the synchrotron cavities.
One waveguide switch can be used to switch one of the storage ring klystron systems
into a cavity test stand.

Figure 3.22 is aschematic drawing showing the logical relationship of these rf compo-
nents and their approximate physical locations with respect to Figure 3.21.

All waveguide switches and motorized phase shifters are monitored by a dedicated
control system. The access control interlock system (ACIS), which provides personnel
safety for the accel erator tunnelsand therf test stand, monitorsdual waveguide shutters
used for isolation of the rf test stand and the interconnection between the storage ring
and synchrotron rf waveguide systems.
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Table 3.13 Parameters of the Storage Ring rf System

Harmonic Number 1296 = 24x 34

rf Frequency 351.93 MHz

Peak Voltage per Turn 9.50 MV

Synchrotron Radiation Loss per Turn 5.45 MV
(no insertion devices)

Loss per Turn for One Undulator A 38.0 kV

Loss per Turn for One Wiggler A 213.0 kV

Number of Cavities 16

Max. Voltage/Cavity 1.0 MV

Typical Voltage/Cavity 594 kV

Number of rf Power Sources 4

Max. Power/rf Power Source 1.0 MW

3-78



APS Safety Assessment Document Chapter 3

July 2006 3.7 APS Storage Ring Technical Facilities Description

Figure 3.21 Storage Ring rf Power System and Waveguide Layout
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